Introduction
============

Male circumcision is one of the most ancient and most common surgical procedures [@b1]. Although the practice of circumcision is often a topic of debate, scientific evidence documenting the health benefits and low risks has led to several evidence-based statements by professional bodies advocating male circumcision 2--4.

The positive medical benefits of circumcision need to be considered in the context of any potential adverse effects on reproductive potential and sexual satisfaction. In the past, attention was focused on the sensitivity of the glans penis. It was generally held as axiomatic that glans exposure would reduce the sensitivity of the organ and thereby prolong intercourse, to the greater satisfaction of the female partner. Whether this led to greater satisfaction for the man, by prolonging intercourse, or less satisfaction because of reduced sensitivity, was a matter for debate [@b5]. Later, the possibility was raised that the prepuce itself might function in sexual response [@b6].

This question has been addressed in a number of ways. First, population surveys of sexual function, practices, and satisfaction have been undertaken involving thousands of participants in the United States [@b7] and Australia [@b8]. Survey studies can provide only indirect information about sexual sensitivity and satisfaction. Second, many studies (often prompted by the expansion of male circumcision programs in Africa to combat HIV) have addressed the sexual function and satisfaction of men circumcised after commencement of sexual activity. One study involved a randomized controlled trial of men well matched for sexual activities in which men in the circumcised and uncircumcised arms of the trial were followed for 24 months [@b9]. These surveys provide an opportunity (not always taken) to ask about sexual sensation before and after circumcision. Third, many studies, beginning with Masters and Johnson [@b10], have attempted to measure penile sensitivity of circumcised and uncircumcised men via a range of techniques (see recent review: [@b11]). Fourth, several studies have examined the histology of the prepuce and penis sometimes with a view to evaluating the effect of circumcision.

These lines of research have been conducted in isolation. No previous study has set out to consider structural aspects in drawing these disparate strands together.

Aims
====

This study aims to correlate what histology can tell us about the different nerve endings in the penis with experimental measures of sexual response and satisfaction in circumcised and uncircumcised men. Our ultimate objective was to determine if there is any structural basis for claims of a potential effect of loss of the foreskin on sexual sensation and pleasure.

Retrieval of References
=======================

A systematic literature review was undertaken through February 2015 by searching the PubMed, EMBASE, and Scopus databases using keywords shown in Table [1](#tbl1){ref-type="table"}. The searches retrieved 26 references 12--37. We reviewed the abstracts, then the text of appropriate articles. Articles that did not contain original data or histological or anatomical information relevant to human penile sensory sensation were not included in our evaluation. The searches led to the identification of 30 unique articles.

###### 

Search terms, strategy, and articles retrieved from PubMed, EMBASE, and Scopus[\*](#tf1-1){ref-type="table-fn"}

  Search term                                               Total[†](#tf1-2){ref-type="table-fn"}   Found[‡](#tf1-3){ref-type="table-fn"}   References
  --------------------------------------------------------- --------------------------------------- --------------------------------------- ---------------
  PubMed                                                                                                                                    
   Circumcision sexual function                             230                                     2                                       [@b12],[@b13]
   Circumcision sexual satisfaction                         73                                      0                                       
   Penis histology nerves sensitivity                       30                                      1                                       [@b14]
   Penis sexual sensation                                   158                                     1                                       [@b15]
   Penis Meissner's                                         4                                       2                                       [@b6],[@b16]
   Penis Meissner                                           8                                       2                                       [@b17],[@b18]
   Penile nerve structure                                   77                                      2                                       [@b19],[@b20]
   Penis histology circumcision                             515                                     1                                       [@b21]
   Meissner's corpuscles human                              58                                      0                                       
   Prepuce sensory sensation                                6                                       0                                       
   Prepuce innervation                                      44                                      2                                       [@b20],[@b23]
   Penis nerve human anatomy                                1,014                                   1                                       [@b24]
   Sensory genital                                          369                                     1                                       [@b25]
   Mucocutaneous end-organ                                  6                                       2                                       [@b26],[@b27]
  EMBASE                                                                                                                                    
   "Circumcision" and "sexual function"                     125                                     0                                       
   "Circumcision" and "sexual satisfaction"                 70                                      0                                       
   "Penis" and "histology" and "nerves" and "sensitivity"   3                                       1                                       [@b28]
   "Penis" and "sexual sensation"                           9                                       0                                       
   "Penis" and "Meissner"                                   15                                      0                                       
   "Penile nerve" and "structure"                           135                                     1                                       [@b29]
   "Penis histology" and "circumcision"                     14                                      0                                       
   "Penis" and "histology" and "circumcision"               173                                     0                                       
   "Meissner corpuscle" and "human"                         94                                      0                                       
   "Prepuce" and "sensory sensation"                        0                                       0                                       
   "Prepuce" and "sensation"                                0                                       0                                       
   "Prepuce" and "innervation"                              23                                      3                                       30--32
   "Penis" and "nerve" and "human" and "anatomy"            435                                     5                                       33--35
   "Penis" and "glans" and "epithelium"                     171                                     0                                       
   "Sensory" and " corpuscle" and "genital"                 29                                      0                                       
   Scopus                                                                                                                                   
   "Penis" and "sensitivity"                                848                                     3                                       [@b36],[@b37]
   "Genital corpuscles"                                     11                                      0                                       
   "Genital end bulbs"                                      4                                       0                                       

Searches were conducted in the order listed. Any article already retrieved was not included if it appeared again during any subsequent search. Thus, each search was intended to identify only articles not found already

"Total" is the total number of articles that appeared for each search

"Found" is the number of articles that fulfilled the search criteria of containing structural information

A further eight relevant publications were identified from the reference lists of the articles retrieved: 38--45. The authors' own reference collections were also examined, finding three further publications on structural aspects: 46--48. Major textbooks of medical histology revealed relevant structural information in Rhodin [@b49]. Anatomical and histological studies prior to 1930 have been excluded---they are adequately reviewed by Winkelmann [@b26].

In total, we identified a total of 41 unique publications on penile structures containing information that may be relevant to sensory properties of the penis, not necessarily all of which concern sexual sensation.

We then evaluated this information in relation to publications on physiological measurements of sensation in circumcised and uncircumcised men retrieved in a previous systematic review [@b11]. These references were: 10,50--62. Because data in two of those retrieved [@b58],[@b61] have been found to be seriously flawed [@b11], these two articles were excluded.

The Prepuce
===========

There have now been many studies on the innervation of the prepuce. This may in part reflect the ready availability of samples, as circumcision is common. The first such study we identified was that of Bazett et al. [@b38], and most subsequent studies have used the same source of material. A few studies did not use prepuces removed during circumcision. For example, Taylor et al. studied 22 uncircumcised adult penises obtained at autopsy [@b6]. These were selected for "long" or "short" prepuce and therefore were not a random sample. The authors identified a "ridged band" at the junction of the inner and outer preputial layers. The "ridged band" seems to be a name used for the concertinaed distal skin that becomes stretched for retraction over the glans. We consider that such a conformation is merely a matter of individual idiosyncrasy and not a universal feature. Furthermore, different illustrations of the so-called "ridged band" do not appear to show the same structure---both illustrations in the subsequent publication by Cold and Taylor appear to label the entire inner layer of the prepuce (naturally wrinkled after retraction behind the glans) as a "ridged band" [@b21].

That there can be a "tight ring" at the tip of the prepuce is not in doubt, but this is not a band, rather it is a very narrow ring. This is prominent in infants and generally disappears at puberty. Kayaba et al. showed that it was present in 84% of neonates but in only 8.6% of boys aged 11--15 [@b46].

Meissner's Corpuscles
---------------------

Meissner's corpuscles are mechanoreceptors involved in fine-touch sensitivity. They are the most complex cutaneous receptors, having two to six afferent nerve fibers that branch into a complex system of nerve endings arranged spirally, and are sandwiched between Schwann cells and collagen fibers, surrounded by a capsule of collagen and fibrocytes [@b39],[@b40],[@b49]. The bigger their size and greater their complexity, the higher their likely sensitivity to touch.

Meissner's corpuscles are the most studied nerve endings in the prepuce. Bazett et al. found only two per square centimeter, which they considered insufficient to account for the demonstrable fine-touch sensitivity of the prepuce [@b38]. Taylor et al. reported that Meissner's corpuscles were most numerous on the ridges of the purported "ridged band" and least numerous in the smooth inner layer of prepuce but gave no quantitative results [@b6].

Workers at Futian Hospital, Guandong, China, published several papers on Meissner's corpuscles in the prepuce, including three 41--43 with reasonable sample sizes. Their largest and most significant paper looked at 204 excised prepuces and tracked corpuscle density against age for both phimosis and redundant prepuce (the most common reasons for circumcision in their population). Their results (Figure [1](#fig01){ref-type="fig"}) all referred to the outer preputial layer.

![Density of Meissner's corpuscles in the prepuce as a function of age in patients circumcised for phimosis and redundant prepuce. (Data shown were derived from Jiang et al. [@b42].)](sm20003-0076-f1){#fig01}

The density of Meissner's corpuscles in that study was much higher than reported by Bazett et al. but was quite variable, and in some of the other papers from the Guandong group, no Meissner's corpuscles at all were found [@b41]. No data were provided for males younger than the age of 3 years, apparently because circumcision is not carried out prior to this age in China [@b62]. As can be seen in Figure [1](#fig01){ref-type="fig"}, Meissner's corpuscle density shows a variable, nonsignificant increase up to age 10--14 years in the prepuce of males circumcised for redundant prepuce, followed by a steady, statistically significant decline of 90% by age 45--50. In the case of phimosis, the density continued to increase, but not significantly, to age 25--30 years. There were no data after this age in the phimosis group. Nevertheless, other papers from the Guandong group do show a decline in density with age in prepuces from men circumcised for phimosis [@b43]. The latter study also investigated the density of Meissner's corpuscles in the inner prepuce and the so-called "ridged band" in some subjects finding that the "ridged band" had more Meissner's corpuscles, whereas in others, Meissner's corpuscle density was substantially lower than adjacent inner preputial tissue \[44\]. This supports our contention that the "ridged band" is not a defined structure but merely a matter of interindividual idiosyncrasy. Recently, Martín-Alguacil et al. also described Meissner's corpuscles in the prepuce but gave no numerical estimate [@b16].

To understand the importance of these results one should relate the observations to skin in other body areas. In a histological study of eight glabrous (hairless) skin locations, Meissner's index (number of Meissner's cells divided by number of epidermal ridges) was highest in the finger tip (0.96) and lowest in the prepuce (0.28), as was the size of the Meissner's corpuscles in each part of the body: 120--260 × 64--84 μm for finger tip compared with 66--84 × 38--52 μm for the prepuce [@b45]. The latter study concluded that the prepuce is the least sensitive glabrous tissue of the body.

These findings suggest that the prepuce has fewer Meissner's corpuscles than any other glabrous skin and that the number of these nerve endings decreases significantly after the teenage to young adult years when sexual activity begins. This makes it very difficult to propose any sexual function for Meissner's corpuscles. A more feasible hypothesis is to regard them as a juvenile phenomenon, perhaps serving to protect the penis until the onset of puberty reveals its sexual function.

Free Nerve Endings
------------------

Bazett et al found that free, nonbranched, nerve endings were by far the most common nerve termination in the prepuce, with 115 per square centimeter [@b38]. Free nerve endings are implicated in the detection of a wide range of sensation, including nociception, touch, and temperature. Martín-Alguacil et al. also demonstrated free nerve endings but did not quantify them [@b16]. Malkoc et al. showed that free, nonbranched, nerve endings were least common in the proximal region (outer layer) of the prepuce and most common in the distal region (inner layer) [@b13]. These authors correlated their number with sexual function, as discussed below.

Other Nerve Endings
-------------------

Krause's end bulbs were reported by Bazett et al., at a density of 15 per square centimeter of preputial skin [@b38]. These are mechanoreceptors and might, therefore, be involved in sexual sensation. The density of Krause's end bulbs in the prepuce was much higher than Meissner's corpuscles. However, Cold and Taylor reported that Meissner's corpuscles were the most abundant encapsulated receptors, without providing any numerical data to support their claim. Two other nerve terminations were reported in significant numbers by Bazett et al.: Type 2---a small, nonencapsulated bulb made up of very fine, richly anastomosing branches (density 52 cm^−2^)---and Type 3, made up of many branches, each ending in a number of smaller branches with small plate-like terminations (23 cm^−2^) [@b38]. Martín-Alguacil et al. also reported Pacinian corpuscules---encapsulated terminals with a lamellate structure and that respond to pressure and vibration. This appears to be the only such report, which seems surprising if they are normally present as their structure is quite distinctive. The foreskins used in their study were all from juvenile patients (age 1--9 years). Could it be that Pacininian corpuscules are lost later? More studies are needed.

There is likely to be some degree of confusion in the classification of the various kinds of nerve endings. Possibly, some of the Type 2 bulbs of Bazett et al. were scored as Meissner's corpuscles by others, or *vice versa*. Likewise, Bazett et al.'s Type 3 matches many descriptions of free nerve endings. Bazett et al. only allowed unbranched filaments under this heading. Further research will be needed to resolve these apparent discrepancies.

Does the Prepuce Have a Sexual Function?
----------------------------------------

Ascribing any special erogenous nature to the prepuce is rather difficult despite numerous claims and counter-claims. The question of sexual response before and after circumcision is dealt with in the following section, where it should be clear that isolating any specific contribution of the prepuce is fraught with difficulties.

Two studies provide direct evidence pertaining to this question. Malkoc et al. carried out a prospective experiment on young adult volunteers who wished to be circumcised [@b13]. In the 3 weeks prior to circumcision, each recorded his ejaculatory latency time (ELT; time from intromission to ejaculation) with a stopwatch, three times at least 24 hours apart. The density of free nerve endings on the excised prepuce showed no correlation with their ELT values recorded precircumcision. The density of free nerve endings (presumably per square centimeter, although this is not stated in the paper)---7.5 ± 3.1, 6.2 ± 2.5, and 4.5 ± 6.0 for distal, middle, and proximal prepuce---differed significantly between the proximal site and the middle and distal sites but this had no relationship with ELT.

Hosseini et al. studied the effect of the so-called "mucosal cuff"---the amount of inner prepuce remaining after circumcision---on ELT [@b12]. (We question the term "mucosal cuff" as there is no basis for calling it "mucosal" because no goblet cells or other mucus-secreting structures have ever been demonstrated in it.) Different circumcision methods can leave anything from a substantial amount of this skin to virtually none [@b1]. Hosseini et al. found no correlation between the amount of residual "cuff" and ELT [@b12]. Bodacki et al. found the same [@b48].

The conclusion we draw from both histological and experimental results is that there is no biological basis for ascribing any sexual function to the prepuce.

The Glans
=========

Meissner's Corpuscles
---------------------

Although some have said that no Meissner's corpuscles are present in the glans penis [@b17], others report the presence of some Meissner's corpuscles [@b6]. Histologists may be ascribing the identification of similar structures differently.

Free Nerve Endings
------------------

Free nerve endings, which are characterized by incomplete Schwann cell investment and irregularly scattered neurofilaments and neurotubules, comprise 80--90% of axon terminals in the glans penis and exceed corpuscular receptors by 10-fold [@b63]. These free nerve endings confer high temperature-sensitivity upon the glans [@b17]. Every male will have discovered that a shower that runs cold, or a bath that is a too hot, is felt far more keenly on the glans penis than other skin surfaces. In extreme cases this can be excruciatingly painful [@b64].

The function of such temperature-sensitivity is interesting to consider. It cannot be purely protective, as the penis has a copious blood supply and is much less likely to be affected by external temperatures than other extremities. Furthermore, the glans is normally covered by the foreskin, thereby insulating it. Vaginal temperature does change during the menstrual cycle, but sensing this after intromission would seem to be irrelevant. We speculate that exquisite temperature-sensitivity might represent part of the "reward" system that encourages sexual congress. A sexually naïve youth, upon intromission, will experience a "perfect" temperature that his penis, dangling loose, could never otherwise sense. This reward mechanism could thereby encourage him to complete the sexual act.

Free nerve endings can also mediate sensitivity to touch [@b49] and, in view of the dispute over the presence of Meissner's corpuscles (above), free nerve endings are probably the major touch sensors in the glans.

Temperature sensing is mediated by small nerve fibers, as are the autonomic functions controlling potency and micturition. This led to the hypothesis that measuring penile temperature sensitivity could indicate whether autonomic failures such as impotence are due to a general neuropathy affecting the small nerves. This does indeed seem to be the case [@b51],[@b55]. Subsequent work by Bleustein has shown that other sensory measurements such as tactile sensation, pressure, and vibration (discussed below) also correlate with dysfunction, but temperature sensation has the strongest correlation [@b65]. None of these studies relate directly to sexual sensitivity, but they do provide a baseline of penile somatosensory measurements.

Genital Corpuscles
------------------

The glans has a unique corpuscular receptor, consisting of axon terminals that resemble the tangled skein of free nerve endings and that are probably derived from Krause's end bulbs [@b49]. Genital corpuscles of the glans are most abundant in the corona and near the frenulum [@b17]. Confusion has been pointed out between the genital corpuscle and Meissner's corpuscle [@b22]. The genital corpuscles are the only mediators of sexual response. They are connected to a unique innervation system, which is quite separate from that of the prepuce, but does involve the meatus [@b24]. Chouchkov dismissed genital corpuscles in 1978 as being just Krause end bulbs [@b66]. However, Halata and Munger identified a population of genital end bulbs that was distinct from Krause end bulbs and unique to the glans (see p. 225 of Halata and Munger's study [@b17]). Although lay commentators claim there is no evidence that genital corpuscles are related to sexual sensations because they are present in other body areas such as around the nipples, the latter are, nevertheless, somewhat erogenous.

Keratinization of the Glans Following Circumcision
--------------------------------------------------

It has often been claimed that exposure of the glans by circumcision causes the epithelium to cornify. Histological examination of cadaver penises from circumcised and uncircumcised men has, however, revealed there is no difference in keratinization [@b47].

Measurement of Glans Sensitivity
--------------------------------

A recent systematic review concluded that sexual function, sensitivity, sexual sensation, and satisfaction were not adversely affected by circumcision [@b11]. Halata and Munger [@b17] describe a 19^th^-century test of fine touch and pain sensitivity carried out by von Frey, using a calibrated hair. He found the glans to be very insensitive to fine touch but very sensitive to pain, with only a small difference in applied force separating the two thresholds. Masters and Johnson compared the tactile sensitivity of the glans in circumcised and uncircumcised men [@b10] and found no difference. It was admittedly a crude test, and no statistics were given. A much more substantial study was conducted by Payne et al. in 2007 [@b57]. These authors determined tactile and pain sensitivity thresholds measured using a monofilament applied with calibrated pressures. They also studied the effect of sexual arousal by exposing subjects either to an erotic movie or to a documentary. Thermal imaging was used to monitor the effects of arousal on the penis. The test site was the penile shaft just behind the corona glandis and was thus intended to be equivalent on both circumcised and uncircumcised men. Interestingly, although the penile temperature increased with arousal to the same value in both groups, the circumcised group had a significantly higher baseline temperature. These findings suggest that exposure of the glans may confer slight, but continuous, arousal in circumcised men. The glans proved less sensitive to touch than the forearm, but more sensitive to pain. There was no difference in glans sensitivity at any time between circumcised and uncircumcised men, whether aroused or not. However, the tactile sensitivity of the glans, in all men, decreased significantly with sexual arousal. Intriguingly, circumcised men also had more tactile sensitivity on their forearms.

The key messages from this small case-control study (20 circumcised and 20 uncircumcised men) are that penile tactile sensitivity is not affected by circumcision and that sensitivity decreases with sexual arousal. As tactile sensitivity decreases with arousal, it seems unlikely that it plays any part in sexual response.

Sensitivity to vibration might seem a more relevant measure as vibrators are used by both males and females as a means of achieving arousal and thence orgasm. This is the *only* stimulus that has shown a positive correlation with sexual response, implying that it directly stimulates genital corpuscles. Xin et al. showed that sensitivity to vibration correlated strongly with likelihood of premature ejaculation (PE), which might appear to argue against the view that PE is a purely psychological problem and demonstrating the existence of a measurable stimulus that actually reflects sexual responsiveness [@b50].

The situation is, however, rather more complex than this. In normally functional men, vibration sensitivity decreased substantially with age, whereas in PE sufferers, it did not [@b50], implying some deeper difference. Furthermore, when vibrational sensitivity was compared with ELT---the time from commencement of activity to climax in normal, non-PE men, there was no correlation [@b59]. This study involved 58 uncircumcised men aged between 20 and 40 and measured vibrotactile sensitivity with two different instruments to minimize instrumental bias. ELT was measured in three situations---vaginal intercourse, laboratory stimulation with a vibrator applied to the frenulum, and masturbation at home. ELT was consistent for each individual over multiple measures with each technique. ELT was longest in intercourse, shortest in masturbation, and in-between in the laboratory simulation. However, they cited results from two studies (not involving sensitivity measurements) of PE sufferers, which found that ELT was longest during masturbation and shortest during intercourse, again suggesting a real difference between normally functional men and PE sufferers, though the difference here could easily be psychological.

Vibratory stimulation of the glans can induce ejaculation, this being how semen samples are collected from patients with spinal cord injury. The favored areas to accomplish this are the corona [@b67] and frenulum/underside of the glans [@b68]. This coincides with locations where the concentration of genital corpuscles is highest and is achieved irrespective of the presence of a foreskin.

One of the problems with these studies is that comparison is difficult when each uses different instrumentation, and Rowland [@b54] attempted to draw parallels between them. His conclusion was that decline in vibrotactile sensitivity with age is real, as is the difference between premature ejaculators and sexually normal men. He also expressed surprise at the findings, from several studies, that vibrational sensitivity decreased with sexual arousal. Yet this may be no more than geometry---with erection the surface area of the glans increases so that receptors are more widely spaced. This will be significant when measuring with instruments that typically contact only a small part of the penis but not during intercourse when the whole glans is involved.

Bleustein et al. compared both vibration and pressure sensitivity in neonatally circumcised and uncircumcised men [@b56]. Although raw data showed that circumcised men were more sensitive to vibration and less sensitive to pressure, controlling for age and other factors showed that there was no significant difference. In other words, circumcised men were, if anything, more sexually sensitive than uncircumcised men, though the difference was not statistically significant. Because the two groups used by Bleustein et al. were not well matched, it would be interesting to replicate this experiment with larger and better-matched samples. Yang et al. measured vibrotactile sensitivity by taking a ratio between the sensitivity of the index finger and that of the glans penis [@b62]. They had 73 uncircumcised controls and 96 patients with redundant prepuce who were measured before and 1, 2, and 3 months after circumcision. There was no significant difference between control and experimental groups, but the circumcised group showed a marginally significant decrease in sensitivity postoperation. The rationale for using ratiometric rather than direct measurement is obscure, as finger sensitivity could be affected by occupational influences, such as callus formation. Until there are better data, the null hypothesis remains that circumcision has no effect on vibration or pressure sensitivity.

Surveys of Circumcised and Uncircumcised Men
--------------------------------------------

The topic of circumcision and sexual function was comprehensively evaluated in a meta-analysis by Tian et al. in 2013 [@b69] and in an extensive systematic review by Morris and Krieger the same year [@b11]. Both studies concluded that there were no significant differences in sexual function between circumcised and uncircumcised men.

Here we will only touch on points that relate to the histology-related topics addressed above. Two different types of study are represented---case-control studies that look at the sexual functioning of circumcised and uncircumcised men, and before and after studies looking at men's sexual functioning before and after circumcision. In the former, the larger studies showed that circumcision protected against erectile dysfunction at older ages [@b7],[@b8], but there is no clear histologic basis for this. In the latter studies, all reported no significant difference. Here we will focus on survey studies that asked about penile sensitivity before and after circumcision. Krieger et al. reported on a large sample of young Kenyan men, in a controlled trial in which uncircumcised men were randomly assigned to circumcision or no circumcision groups [@b9]. By the end of the 2-year follow-up period, 64.0% of men in the circumcision group reported that "penile sensitivity" (sexual sensation) was "much more" and 7.8% that it was "somewhat more" than before circumcision. Only 1.8% reported penile sensitivity being "much less" and 5.3% "somewhat less." Masood et al., in a much smaller, uncontrolled study, found that 38% of men reported improved penile sensation after circumcision, 18% reported worse penile sensation, whereas 44% reported no change [@b70]. (Curiously, they interpreted this as grounds for counseling men about adverse consequences of getting circumcised despite the finding that a large majority of men found the consequences positive.)

An increase in penile sensitivity post circumcision is contrary to much current dogma and to what has been the received opinion for centuries. We identified no histological studies comparing density of genital corpuscles in circumcised and uncircumcised penises, but one would regard it as improbable that this would differ in young adults of each status. Rather, the answer would appear to lie in increased accessibility of these terminals to a stimulus. The density of genital corpuscles is highest in the corona and frenular areas (above), and it can be surmised that even a retracted prepuce would tend to reduce the stimulus to these regions, particularly on the outward stroke of intercourse.

Conclusions
===========

The present systematic review, correlating histological studies of penile structures with studies of sexual response, identified no basis for ascribing any sexual function to the prepuce. Meissner's corpuscles in the prepuce diminish at the time of life when male sexual activity is increasing, and free nerve endings show no correlation with sexual response. Therefore, any sexual effect of circumcision must depend solely on the exposure of the glans and not on the absence of the prepuce.

Studies of tactile sensitivity of the glans seem to be unrelated to sexual sensation as tactile sensation decreases with sexual arousal. The thermal sensitivity, on the other hand, is probably part of the reward mechanism of intercourse. Vibration sensitivity clearly relates to sexual response, but no significant relationship to circumcision has been demonstrated.

The two studies that examined penile sensitivity before and after circumcision both found higher penile sensitivity post circumcision. This probably relates to greater access of genital corpuscles to sexual stimuli, based on the distribution of these corpuscles and the position of the retracted prepuce in intercourse, rather than any change in the number of genital corpuscles.

Our conclusions are generally consistent with findings from a recent systematic review [@b11] and a meta-analysis [@b69] that each concluded that male circumcision has no adverse effect on parameters relevant to sexual function, sensation, sensitivity, satisfaction, or pleasure. An evidence-based consensus based on this detailed evaluation of the literature is that if there is any effect of circumcision on these various sexual parameters, then the effect of circumcision is likely to be perceived as beneficial. Nevertheless, psychological factors may also influence the sexual experience of some men.

We thank Dr. Pu (Paul) Xu for translation of articles in Chinese.

Conflict of Interest
====================

The authors report no conflicts of interest.
